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STRUCTURE OF ALLOYS OF THE Zr-C-Ta SYSTEM 

A. I. Avgustinik and S. S. Ordan'yan 

An i so thermal  s e c t i o n  and a ZrC-Ta polythermal s e c t i o n  
w e r e  cons t ruc ted  a t  2273'K on the b a s i s  of d a t a  from radio-  
graphic ,  meta l lographic  and chemical ana lyses  and determina- 
t i o n  of t h e  mel t ing  p o i n t s  of a l l o y s  of t h e  Zr-C-Ta system 
and it w a s  demonstrated t h a t  t r i p l e  compounds do n o t  exist 
i n  t h e  system. I n  t h e  s o l i d  s ta te  t h e r e  are t h r e e  s ing le -  
phase f i e l d s  -- ZrxTa C 

two-phase f i e l d s  -- ZrxTa C 

Zr)2C and (Ta, Zr)2C + Z r  T a  C and t h e  three-phase f i e l d  

-- ZrxTa C 

e x i s t i n g  i n  t h e  corresponding double systems. 

(Ta ,  Z r ) 2 C  and (Ta,  Z r ) ;  t h r e e  

-+ (Ta,  Z r ) ,  (Ta, Z r )  + (Ta ,  
Y z' 

Y Z  
x y 2 '  

+ (Ta, Z r ) 2 C  + (Ta,  Z r ) ,  t h a t  i s ,  only phases 
Y Z  

I The c r e a t i o n  of manufacturing r e f r a c t o r y  materials of t h e  cermet type ,  i n  /318* 
which t h e  ca rb ides  of t r a n s i t i o n  metals, e s p e c i a l l y  Z r C ,  serve as t h e  r e f r a c -  
t o r y  base ,  involves  t h e  s tudy  of t h e  i n t e r a c t i o n  of t h e  mentioned ca rb ide  wi th  

l a m e t a l  bond over a wide range of temperatures.  

For example, d a t a  are a v a i l a b l e  on t h e  i n t e r a c t i o n  and s t r u c t u r e  of t h e  
diagrams of  state of t h e  systems Z r C  wi th  Z r  [l, 21, Nb [3],  Mo [41, W [51, 
and a l s o  t h e  r e s u l t s  of s tudy  of contac t  i n t e r a c t i o n s  of r e f r a c t o r y  ca rb ides ,  
i nc lud ing  Z r C ,  w i th  t r a n s i t i o n  metals [61. 

This  i n v e s t i g a t i o n  w a s  devoted t o  the  s tudy  of t h e  i n t e r a c t i o n  of Z r C  w i th  
T a  i n  a wide range of temperatures  and concentrations**. 

On the b a s i s  of t h e  d a t a  i n  [8] i t  can b e  assumed t h a t  i n  t h e  s t r u c t u r e  of 
V a l l o y s  i n  t h e  MeIV-C-Me systems w e  should observe a certain s i m i l a r i t y ,  in -  

vo lv ing  an i d e n t i t y  of t h e  p o s i t i o n  of t h e  f i e l d s  of multi-phase equi l ibr ium,  
s i n c e  t h e  thermodynamic parameters,  determining, according t o  [8], t h e  onse t  of 
multi-phase equi l ibr ium,  are c l o s e  f o r  t h e  i n d i c a t e d  systems. Some c o r r e c t i o n s  
are in t roduced  by t h e  d i f f e r e n c e s  of the  dimensional f a c t o r s  and t h e  type  of 

s t r u c t u r e  of t h e  boundary systems MeIV-MeV. The marginal  systems Zr-C [l, 21 
and Ta-C [9 ,  101 have been inves t iga t ed .  The Zr-Ta system [ll] d i f f e r s  from 
t h e  Zr-Nb system [12] ,  a i though d a t a  i r i  [I31 izdicate  t h i t  t h e r e  i s  a similari- 
t y .  The causes  f o r  t h e  d i f f e r e n c e  i n  the  behavior  of Nb and T a  i n  r e l a t i o n  t o  
Z r  have been s t u d i e d  by Howlett i n  [14].  Whereas i n  t h e  Ti-Nb [15] and Ti-Ta 
[16] systems t h e  deformation energy of s o l i d  s o l u t i o n s  i s  small and a f u l l  re- 
c i p r o c a l  s o l u b i l i t y  is  observed, i n  t h e  Zr-Nb and Zr-Ta systems, w i t h  h igher  

*&umbers i n  t h e  margin i n d i c a t e  pagina t ion  of t h e  o r i g i n a l  f o r e i g n  t e x t .  
**The r e s u l t s  of t h i s  s tudy  were repor ted  i n  Apr i l ,  1964, a t  t h e  S c i e n t i f i c -  

Technica l  Conference of t h e  Leningrad Technical  I n s t i t u t e ,  imeni Lensovet [7]. 
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, maximum deformation energy va lues  f o r  t h e  c r y s t a l  l a t t i ce  of t h e  s o l i d  so lu-  
t i o n ,  a maximum appears  f o r  t h e  immisc ib i l i t y  region.  Since i n  t h e  Zr-Ta sys-  /319 
t e m  t h e  peak of deformation energy a t t a i n s  a maximum va lue ,  t h e  immisc ib i l i t y  
reg ion  i n  t h i s  system extends t o  t h e  so l idus  l i n e .  Na tu ra l ly ,  8-Zr and T a  w i l l  
be  i n  a s o l i d  s ta te  below t h e  mentioned l i n e ;  t h i s  i n  t u r n  l e a d s  t o  t h e  appear- 
ance of t h e  f i e l d  of three-phase equi l ibr ium B - ( Z r ,  Ta)  + ZrxTa C 
i n  t h e  t r i p l e  system Zr-C-Ta. 

+ (Ta ,  Z r )  
Y Z  

The presence of carbon i n  t h e  Z r C  and NbC and TaC compounds levels t h e  
d i f f e r e n c e  i n  t h e  behavior  of Nb and T a  i n  r e l a t i o n  t o  Z r  i n  view of t h e  fo r -  
mation of ( Z r ,  Nb, Ta)-C bonds, c l o s e  i n  s t r e n g t h ,  g r e a t l y  exceeding t h e  Z r -  
(Nb, Ta) bond s t r eng th .  
s o l u t i o n s  i n  t h e  ZrC-NbC, ZrC-TaC systems [17, 181. 

This  is ind ica t ed  by t h e  formation of continuous s o l i d  

W e  prepared a number of a l l o y s  whose composition is  given i n  Tables  1 and 
2. 

TABLE 1. 

Composition 
of t h e  Alloy 

I I 7- 
a 
C 
5 
0 
p9 

V 
e 

11.14 
t 1.0 
i0.X 

9.23 - - 
672 

3 . s  
2.40 
1.20 

- 

Regime of 
rhermal 
E' r o ces s in8 
a t  2273'K 
(Hours) 

-.- - 

The i n i t i a l  materials f o r  preparing t h e  a l l o y s  w a s  Z r C  w i th  a bound carbon 
con ten t  of 11.3%, 0.5% f r e e  carbon and 0.2% n i t rogen ,  powdered t a n t a l u m ( >  99.5%) 
and c a l c i t h e r m a l  and ace ty l ene  soot .  Cylinders w i t h  d = 10 and h = 10 mm were 
p res sed  from t h e  corresponding powders a f t e r  c a r e f u l  mixing a t  a p r e s s u r e  of 4 
tons/cm2 and sub jec t ed  t o  anneal ing a t  2273'K on a Z r C  support  i n  a TW-4 vacu- 

um f u r n a c e  a t  a r a r e f a c t i o n  of about 2-5-10-4 mm Hg. Af t e r  1-2 hours  of ex- 
posu re  the samples w e r e  cooled and f r a c t i o n a t e d ,  and b r i q u e t t e s  f o r  a second 
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TABLE 2. 

Resu l t s  of 
Computed Data Chemical 

7 78 1s 
19 47 34 
35.5 35.5 29 
24 Q 2 l  
10 95 5 
7 8 6  7 

14 10 16 
20 a.5 3i5 

Analysis  47- 
id - 
435 
ZIO 
1.2 
3.41 
2. t7. 
1.a 
3.M 
3A8 
2.83 
0.37 
0.52 
1.36 - 
- - -  

a 

0 
F9 
V 

5 

243 
1.12 
3.35 
2.20 
t 2% 
3.75 

0.50 
0.57 
1.31 

2&. 

- - 

egime of 
hermal 
r o ces s ing 
t 2273°K 
Hours) 

annea l ing  w e r e  aga in  pressed  from a powder ground t o  a p a r t i c l e  s i z e  of less 
than  60 1-1. 

A f t e r  each annea l ing  w e  determined t h e  l a t t i c e  parameter of t h e  forming 
s o l i d  s o l u t i o n .  The s t a t e  of equi l ibr ium w a s  considered a t t a i n e d  i f  t h e  sub- 
sequent  exposure d i d  no t  l ead  t o  a change of t h e  l a t t i c e  cons tan t .  The l a t t i c e  
cons t an t  decreases  (F igure  1 )  due t o  both an  i n c r e a s e  of t h e  concen t r a t ion  of 
d e f e c t s  i n  t h e  C s u b l a t t i c e  and t o  t h e  in t roduc t ion  
of Ta  atoms, whose s i z e  is cons iderably  less than  
t h e  s i z e  of t h e  zirconium atoms. It should b e  noted 
t h a t  the dependence of t h e  change of t he  l a t t i c e  
parameter  i n  t h e  case of s o l u t i o n  of tantalum i n  Z r C  
on t h e  atomic percentage of tantalum i s  similar t o  
t h e  dependence i n  t h e  case of s o l u t i o n  of Nb i n  Z r C  
[3]. The reason f o r  t h i s  is t h e  equa l i ty  of t h e  Nb 
and T a  a tomic r a d i i  (r = r = 1.45 kX). Nb T a  

With an  i n c r e a s e  uf thz Ta c s r r t e ~ t  i n  t h e  s o l i d  
s o l u t i o n ,  t h e  mel t ing  p o i n t  of t h e  lat ter decreases ,  
and f o r  two-phase a l l o y s ,  Zr0.416Ta0.584C0.416-Zr 

0. 160Ta0. 840-c0.160' i s  2750°K, which is 300" above 

F i g u r e  1. Dependence of t h e  Lattice Constant on 
t h e  Concentrat ion of T a  i n  So l id  So lu t ion  on t h e  
Z r C  Base. Legend: a = T a  (Atomic X ) .  

/320 - 
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t h e  melt ing p o i n t  i n  two-phase ZrC-Nb a l l o y s  [3 ] .  
so lv ing  tantalum is  a t t a i n e d  a t  a given temperature and i s  about 35% (atomic).  
Therefore,  according t o  t h e  ZrC-Ta(Nb) p r o f i l e s ,  a t  t h e  temperatures  of appear-1321 
ance of t h e  l i q u i d  phase an equal  q u a n t i t y  of metals of t h e  group V-Nb and Ta 
is d isso lved  i n  a s o l i d  s o l u t i o n  on t h e  bas i s  of Z r C .  The characteristic s t r u c -  
t u r e s  of some a l l o y s ,  whose composition l ies on t h e  ZrC-Ta p r o f i l e ,  are given 
i n  Figure 2. 

The maximum q u a n t i t y  of d i s -  

F igure  2. S t r u c t u r e s  of Some Alloys i n  the Zr-C-Ta System. 

Legend : 

hour;  b = Z r  0. 534Ta0. 436'0.534 ( Z r C  4- 60% Ta);  2 4 7 3 ' ~ ,  1 hour; 

c = Z r  

d = Z r  

Magnif icat ion,  800X. 

( Z r C  + 50% Ta); 2773'K, 1 a = Zr0.633Ta0.367C0.633 

( Z r C  + 60% Ta); 2773'K, 1 hour;  

(ZrC + 80% Ta); 2750'K, 3 minutes.  
0.534' 436'0.534 

0. 301Ta0. 699'0.301 
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A rad iographic  a n a l y s i s  of t h e  a l l o y s  l i s t e d  i n  Table 2 made it p o s s i b l e  
t o  e s t a b l i s h  t h a t  a t  2273'K a f t e r  a 6-hour exposure w e  had t h e  two-phase a l l o y s  
I, 11, 111, VIII, IX, X, and t h e  three-phase a l l o y s  IV-VII, X I ,  XIII. The same/322 
as i n  t h e  i n v e s t i g a t i o n  of t h e  s t r u c t u r e  of t h e  a l l o y s  of t h e  Zr-C-Nb system 
[3],  i n  t h e  cons t ruc t ion  of t h e  Zr-C-Ta s e c t i o n  (F igure  3) w e  took i n t o  account 
d a t a  on t h e  s t r u c t u r e  of a l l o y s  of t h e  Ti-C-Ta system [19] ,  where t h e  e x i s t e n c e  
of t h e  (Ta,  T i )  C phase is  extremely l imi t ed .  2 

F igure  3. 
System. Legend: a = Liquid; b = T a  (Atomic %). 

Isothermal  Sec t ion  a t  2273'K of t h e  Zr-C-Ta 

Taking i n t o  account t h e  g r e a t  d i f f e r e n c e  of t h e  atomic r a d i i  r and rTa, Z r  
w e  s h a r p l y  l i m i t e d  t h e  reg ion  of ex i s t ence  of s o l i d  s o l u t i o n s  on a Ta  C base  

and the f i e l d  of three-phase equi l ibr ium w a s  determined on t h e  b a s i s  of a 
r ad iog raph ic  phase a n a l y s i s  i n  such a way t h a t  it i n t e r s e c t s  t h e  ZrC-Ta p r o f i l e ,  
t h a t  is, i n d i c a t e s  a non-quasi-binary cha rac t e r  of t h e  lat ter.  
ag rees  w i t h  t h e  d a t a  i n  [20] ,  which g ives  an  i so thermal  s e c t i o n  of t he  Zr-C-Ta 
c y c t m  1-+- 1?20°K. 
thermal  s e c t i o n s  a t  1723 and 2273'K t h a t  t h e  f i e l d  of three-phase equiiibirium 
ZrxTa C 

crease of temperature;  t h e r e  is  only a change of t h e  boundary of t h e  nonstoichio-  
metric complex ca rb ides  and a change of t h e  phase f i e l d s ;  f o r  example, t h e  
three-phase f i e l d  B- (Zr ,  Ta) + ZrxTa C 

f i e l d  Z r  Ta  C 

tures ,  which makes i t  p o s s i b l e  t o  create on i t s  b a s i s  important  two-phase 

2 

This  conclusion 

It can be seen  from a comparison of t h e  s t r u c t u r e  of i so-  

-k (Ta, Z r )  C + (Ta, Z r )  almost does no t  change i t s  p o s i t i o n  w i t h  an in- Y =  2 

+ (Ta,  Zr) d i sappears .  The two-phase 

+ (Ta,  Z r )  exists i n  a wide range of compositions and tempera- 
Y Z  

x Y Z  
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, a l l o y s  of t h e  cermet type.  
b a s i s  and on t h e  b a s i s  of d a t a  on de termina t ion  of t h e  mel t ing  p o i n t s  of the 
a l l o y s  l y i n g  on t h i s  p r o f i l e ,  is  shown i n  F igure  4 .  

The polythermal p r o f i l e  ZrC-Ta, cons t ruc ted  on t h i s  

F igure  4 .  Polythermal ZrC-Ta P r o f i l e .  
Legend: a = Liquid;  b = Ta (Atomic %). 

CONCLUSIONS 

1. An i so thermal  s e c t i o n  a t  2273’K and a ZrC-Ta polythermal s e c t i o n  were 
cons t ruc t ed  on t h e  b a s i s  of d a t a  from radiographic ,  meta l lographic  and chemical 
ana lyses  and de termina t ion  of t h e  melt ing p o i n t s  of a l l o y s  of t h e  Zr-C-Ta sys- 
t e m  and i t  w a s  demonstrated t h a t  t r i p l e  compounds do n o t  e x i s t  i n  t he  system. 
I n  t h e  s o l i d  s ta te  t h e r e  are t h r e e  single-phase f i e l d s  -- ZrxTa C (Ta ,  Z r ) 2 C  

and (Ta,  Z r ) ;  t h r e e  two-phase f i e l d s  -- ZrxTa C 

Z r ) 2 C  and (Ta,  Zr)2C + ZrxTa C * and t h e  three-phase f i e l d  -- ZrxTa C 

Z r ) 2 C  +- (Ta,  Z r ) ,  t h a t  is, only phases e x i s t i n g  i n  t h e  corresponding double 

systems. 

Y 2 ’  
+ (Ta ,  Z r ) ,  (Ta,  Z r )  + (Ta,  

Y Z  
+ (Ta, 

Y 2 ’  Y =  

0 
L .  8ii the basis n f  the r e s u l t s  i n  t h i s  s tudy  i t  can be  assumed t h a t  i n  

t h e  mentioned system i t  is  p o s s i b l e  t o  create r e f r a c t o r y  a l l o y s ,  both s ingle-  
phase on t h e  b a s i s  of cub ic  carb ides ,  and two-phase cermets w i t h  metallic tan-  
talum as a bond, mel t ing  a t  2750’K. 
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